Accelerated carbide spheroidisation enables significant shortening of time necessary for formation of steel microstructure consisting of ferritic matrix and globular carbides. Conventional way to obtain such structure is long duration soft annealing after semiproduct hot forming. Research of accelerated carbide spheroidisation showed that it is possible to spheroidise lamellar pearlite in minutes. Accelerated carbide spheroidisation produces very similar microstructure like conventional soft annealing in morphological point of view, but carbide particles and grain size of the matrix is significantly smaller. Finer microstructure results in higher hardness in comparison with conventionally annealed steel. Finer microstructure also ensures more homogeneous and finer structure after final heat treatment, after hardening. This fact indicates, that properties of final product differ according to previous structure after soft annealing. Finer carbides in structure enhance hardness and facilitates carbide dissolution during austenitisation. This effect enables quenching temperature lowering. Steel 100CrMnSi6-4 microstructure and properties are compared in view of various kind of spheroidisation and quenching temperature.
INTRODUCTION
High carbon bearing steels are standardly supplied to bearing manufacturers in soft annealed state [1] . Soft annealing ensures carbide spheroidisation, resulting in hardness decrease, good formability and favourable structure for hardening. It consists in long dwell at temperature usually slightly above A1 temperature and cooling in furnace. Diffusion-based processes [2] of this type are usually time-consuming and the times of up to tens of hours [3] make this type of annealing a very expensive heat-treatment process.
Bearing steel undergo hardening during bearing production process. The hardening consists of autenitization, quenching and tempering. During austenitization, sufficient carbon amount should be dissolved into austenitic matrix for desired material hardness after quenching. On the other hand, undissolved carbides also has to be present in austenite to prevent austenite grains from coarsening by pinning effect and for better wear resistance of final structure. Quenching turns austenitic matrix into martensite. The finer martensite, the better bearing performance is generally expected [4] . Final step, the tempering, is necessary for internal stress relief, retained austenite decomposition and dimensional stability during bearing lifetime.
Presented article contains description of newly designed process of 100CrMnSi6-4 bearing steel heat treatment, covering both spheroidising annealing and hardening. Spheroidisation was realized in form of newly developer process accelerated carbide spheroidisation and refinement (ASR) [5] . This treatment was used to obtain fine globular carbides homogeneously dispersed in ferritic matrix. ASR process forms two or three times smaller carbide particles than conventional soft annealing. Such a fine structure possess higher hardness and slightly worse machinability compared with conventional one, but also superior quality for hardening operation on the other hand. Cost reduction goes hand in hand with final structure refinement and better bearing performance.
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EXPERIMENTAL

Experimental Material
The experimental material was the 100CrMnSi6-4 bearing steel grade with the chemical composition given in Table 1 . The material was supplied in the form of hot-rolled 21 mm-diameter bars. The as-received microstructure consisted of pearlite with a small amount of secondary cementite precipitated along prior austenite boundaries (Fig. 1) . The hardness of the as-received material was 383 HV10. 
Carbide Spheroidisation
The accelerated carbide spheroidisation (ASR) was performed using induction heating (Fig. 2) . A mediumfrequency converter (fmax=12 kHz) with the maximum power of 24 kW was employed. The solenoid shaped inductor was designed with the purpose of providing as homogeneous magnetic field as possible along the length of the specimen, thus making the heating uniform. The inductor was PLC-controlled. The specimen temperature was measured by means of a thermocouple welded onto the specimen surface. The schedule consisted of induction heating to the temperature 780°C, 15 second hold, cooling in air to 680°C, heating to the 780°C, 15 second hold, cooling in air to the 680°C, heating to the temperature 780°C, 15 second hold and cooling in air to the ambient temperature. The heating rate was approximately 15 °C/second. Conventional soft annealing was conducted in atmosphere furnace. The schedule comprised heating to 790 °C, 11-hour holding at the temperature and controlled slow cooling (13°C/hour) in the furnace.
Hardening
The annealing (ASR or Conventional annealing) stage was followed by hardening, i.e. by quenching and tempering. The quenching temperature (i.e. the austenitizing temperature) of 840 °C and the temperature of 800 °C were used in the present experiment. The second quenching temperature of 800 °C was chosen with respect to the smaller size of carbides resulting from the accelerated spheroidisation process. The quenching was followed by tempering at the temperature 240 °C. The tempering lasted 4 hours; this duration Nov 19 th -21 st 2014, Pilsen, Czech Republic, EU used in bearing production to ensure dimensional stability of the final product. The entire hardening process took place in a quenching dilatometer L78 RITA (Rapid Induction Thermal Analysis, Linseis). Cylindrical sample of 4 mm diameter and 10 mm length was heated in induction coil and cooled by helium gas.
Mechanical Testing
Hardness of the specimens was measured by Vickers method with load 10 kg. Wear resistance was tested test by means of Pin-On-Disc method. The wear resistance test consists in forcing a ball indenter into the surface of a rotating flat specimen. The indenter is loaded by a prescribed force (exerted by a weight) and attached to a rigid arm. The specimens were tested under the following conditions. Temperature: room temperature, ball material: Si3N4, ball diameter: 6 mm, load: 10 N, wear track diameter: 7 mm, number of cycles: 25 000, total distance: 1100.5 m, linear speed at the contact of the sample with ball: 5.85 cm/s, rotation speed: 80 rev/min. The amount of wear of the specimen is found by measuring the cross section of the wear track using the contact profile meter SURTRONIC 25.
RESULTS AND DISCUSSION
Spheroidisation
The micrographs after ASR (accelerated spheroidisation) and conventional annealing show wellspheroidised cementite particles in a ferritic matrix. The carbide size after accelerated spheroidisation ranged from 100 to 300 nm. The carbide size after long-time conventional annealing was up to 1000 nm. The hardness after accelerated carbide spheroidising was 264 HV10, the hardness after conventional soft annealing was 208 HV10. It was controlled by the amount of carbides. Finer carbides were spread more densely in the matrix and caused higher dispersion strengthening of the material. 
Hardening
Several effects of the austenitizing temperature (quenching temperature) on the resulting microstructure and hardness were observed. The final microstructures in all hardened specimens consisted of tempered martensite and globular carbides. The specimens after accelerated spheroidisation contained substantially finer carbides in martensitic matrix than the conventionally-annealed specimens. In specimens were examined the sizes and number density of carbides, the prior austenite grain size and the fineness of the resulting hardening-type microstructure.
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Size and Number Density of Carbides
The dominating particles in the microstructure after accelerated spheroidisation and hardening were carbides with the size of 200-400 nm (Fig. 5) . A large number of globular carbides with the size 100 nm and less were found in the microstructure after quenching from temperature 800°C. In the conventionally-annealed specimen, the size of carbides after hardening was in the range of 300-1000 nm and the fraction of smaller particles was very small (Fig. 6) . The smaller was the size of carbides in the microstructure, the greater was their number density. 
Austenite Grain Size
The prior austenite grain size is related to the number density of carbides in the matrix. Prior austenite grains were polyhedral in all specimens. Their sizes are listed in the Table 2 . The data suggests that the fine microstructure obtained by the accelerated spheroidisation process is sensitive to the austenitizing temperature, i.e. to the quenching temperature. The loss of fine carbides at the austenitizing temperature of 840 °C, which was identified by metallographic observation, was reflected in the growth of the austenite grain size. The austenite grain size in the microstructure with coarser carbides obtained by conventional soft annealing did not exhibit such sensitivity to temperature in the 800 -840 °C range. 
Microstructural Fineness
Thanks to the smaller prior austenite grain size after the accelerated carbide spheroidisation process (ASR), the final martensitic structure appears finer. The martensite features are finer than those obtained after conventional long-time annealing.
Hardness
The highest hardness upon quenching (877 HV10) was found in the ASR specimen quenched from 800 °C. The high hardness level can perhaps be attributed to the fine microstructure. In addition to the densely dispersed carbides, one can expect a small amount of retained austenite to be found in the microstructure. At higher austenitizing temperatures, a greater amount of carbon dissolves in austenite, the resulting martensite structure becomes coarser and contains a greater fraction of retained austenite. This assumption corresponds to the decrease in hardness upon tempering. The decrease in hardness during tempering was the largest in the ASR specimen quenched from 800 °C (approx. 160 HV10). The hardness of the ASR specimen quenched from 840 °C decreased by 120 HV10. In the conventionally-annealed specimen quenched from 840 °C, the decrease amounted to 140 HV10. A smaller decline in hardness suggests that the proportion of retained austenite, as well as the carbon level in martensite, were greater in the specimen.
The highest final hardness of 734 HV10 was obtained after the sequence of the ASR process, quenching from 840 °C and tempering. The lowest hardness achieved (658 HV10) was the result of conventional annealing, quenching from 800 °C and tempering. It was caused by less extensive dissolution. The final hardness after ASR, quenching from 800 °C and tempering was 715 HV10. This is very similar to the hardness resulting from conventional annealing and quenching from 840 °C (710 HV10).
Wear Resistance by Means of Pin-On-Disc Method
In theory, fine final microstructures with fine carbides produced by accelerated spheroidisation and hardening are beneficial with regard to the wear of the final component. Therefore, pin-on-disc testing of wear resistance of the processed materials was conducted using a high-temperature tribometer by CSM Instruments. The purpose of the test was to find the wear resistance of a material under particular working conditions.
Wear testing was conducted on three specimens of each type, i.e. on hardened ASR specimens and on specimens upon conventional soft annealing. Fig. 7 shows that hardened ASR specimens exhibit less wear when compared to hardened conventionally annealed specimens. 
CONCLUSION
Accelerated carbide spheroidisation and refinement was achieved by induction heat treatment in the 100CrMnSi6-4 bearing steel. The ASR process consisted in temperature cycling around temperature A1 for ca 5 minutes. Cementitic lamellae were transformed into globules up to 300 nm in diameter. This is considerably smaller value than common carbide diameter after conventional soft annealing (up to 1000 nm). Finer microstructure with denser carbide distribution is more favourable for subsequent hardening. Thanks to the smaller prior austenite grain size after accelerated carbide spheroidisation, the final martensitic structure became finer. The hardened material after accelerated spheroisidation showed lower wear rates than the hardened conventionally annealed material. The effects of austenitizing temperature (i.e. the quenching temperature) were examined as well. The final hardness of 715 HV10 in the specimen after accelerated spheroidisation, quenching from 800 °C and after tempering was comparable to the final hardness after conventional soft annealing and quenching from 840 °C. Fine cementite particles of ASR structure apparently provide for adequate hardness after quenching from lower austenitizing temperature. The use of lower austenitizing temperature is advantageous from technological point of wiev in terms of reduced energy demand and diminished residual stresses and distorsion.
